Models of the ACW show there must be a coupling between the ocean and atmosphere for this interannual phenomenon to exist. Qiu and Jin [1997] used a wind-driven, two-layer, quasigeostrophic model of the ocean in a zonal channel coupled with an equivalent-barotropic atmosphere assumed to be in equilibrium with the ocean to find that a coupled instability of the system may account for the generation of the ACW. They also analyzed global wind data to conclude that the ACW is not remotely forced by tropical E1 Nifio activity through a meridional atmospheric teleconnection. Using a quasi-stationary vorticity model of the lower atmosphere and a heat budget model of the upper ocean, White et al. [1998] found that in the absence of coupling, the ACC advects SST anomalies from initial conditions to the east at speeds slower than observed 24,573
Introduction
The E1 Nifio-Southern Oscillation (ENSO) contributes much to variations in global climate in both the atmosphere and ocean [Bjerknes, 1969; Wooster and Fluharty, 1985; Karoly, 1989; Philander, 1990; Trenberth, 1991; Tribbia, 1991; Rasmusson, 1991; White, 1995, 1997] . In recent decades, ENSO has typically occurred over periods ranging from 3-5 years. Dominant signatures of ENSO are found in sea surface temperature (SST) and atmospheric vertical convection in the equatorial Pacific Ocean, with warm SST anomalies driving anomalous upward convection. The latter generates anomalous meridional overturning cells in the western Pacific tropical atmosphere (regional Hadley cells) [Rasmusson and Mo, 1993 ], which at their poleward termini (20ø-30 ø latitude) initiate trains of quasi-stationary planetary waves. These waves transmit ENSO signals from the low-latitude Pacific throughout the middle and high latitudes over a few days or weeks [Sardeshmukh and Hoskins, 1988]; this entire process has been termed atmospheric teleconnection [Bjerknes, 1969] .
ENSO timescale climatic signals have been detected in high southern latitudes [Fletcher et al., 1982; van Loon and Shea, 1985, 1987; Carleton, 1988 [1996] (hereinafter referred to as WP96) and Jacobs and Mitchell [1996] found anomalies in the ocean and atmosphere propagating around the southern hemisphere on ENSO timescales. Using atmospheric sea level pressure (SLP), surface winds, sea surface temperature (SST), and sea ice extent data, WP96 identified a coupled set of wavenumber-2 climatic anomalies propagating east around the Southern Ocean with the Antarctic Circumpolar Current (ACC) at average speeds of -8 cm s-•, thus requiring 8-10 years for individual phases of the wave train to circle the globe. This Antarctic Circumpolar Wave (ACW) is also found in changes in the height of the sea surface as measured by satellite altimeters [Jacobs and Mitchell, 1996] , with the changes correlating directly with those in SST. WP96 noted that SST anomalies appeared to enter the ACW from lower latitudes in the western South Pacific and speculated that there might be an atmospheric teleconnection between E1 Nifio activity in the equatorial Pacific and the ACW.
Models of the ACW show there must be a coupling between the ocean and atmosphere for this interannual phenomenon to exist. Qiu and Jin [1997] used a wind-driven, two-layer, quasigeostrophic model of the ocean in a zonal channel coupled with an equivalent-barotropic atmosphere assumed to be in equilibrium with the ocean to find that a coupled instability of the system may account for the generation of the ACW. They also analyzed global wind data to conclude that the ACW is not remotely forced by tropical E1 Nifio activity through a meridional atmospheric teleconnection. Using a quasi-stationary vorticity model of the lower atmosphere and a heat budget model of the upper ocean, White et al. [1998] found that in the absence of coupling, the ACC advects SST anomalies from initial conditions to the east at speeds slower than observed Features not yet seen in models but which were noted by WP96 are that SST anomalies appear to feed into the ACW from a more northerly source in the western South Pacific and that during their eastward migration around the Southern Ocean, portions of the anomalies subsequently spread north into the South Atlantic and South Indian Oceans. Here we identify the western subtropical South Pacific (WSSP) (roughly 20ø-30øS, 150øE-150øW) as a low-latitude source for interannual SST signals in the ACW, at least for the period of 1982-1994. They develop in response to ENSO along the equator, and together with anomalies in precipitable water (PrWat), they migrate south in the western South Pacific in tandem with interannual anomalies in SLP. We find the subsequent hemispheric propagation of these Pacific ENSO signals to generally follow the path of the ACC, but in other domains their motions do not necessarily correspond to paths taken by oceanic fluid parcels, which must be due to feedbacks within the coupled air-sea system. Portions of these signals eventually end up in the tropical South Atlantic and Indian Oceans. Thus ENSO signals from the Pacific Ocean, in addition to being transmitted around the globe by fast planetary waves in the atmosphere [Karoly, 1989; Rasmusson, 1991] , also propagate throughout the southern hemisphere via a much slower oceanic process. This is facilitated by the circumpolar continuity of the Southern Ocean. The initial generation of these slowly propagating interannual SST anomalies derives from an anomalous, regional Hadley cell in the troposphere [Rasmusson and Mo, 1993] A fundamental aspect of ENSO is its seasonality [van Loon and Shea, 1985; Karoly, 1989; Rasmusson, 1991] , so it is common practice to consider phases of individual ENSO cycles for specific seasons or to form composites from particular phases of two or more ENSO cycles, also for specific seasons. We do not follow that methodology here but, instead, filter the data so we can perform extended empirical orthogonal function (EEOF) analyses [Graham et al., 1987; Preisendorfer, 1988] in consistent ways on each the SST, SLP, and PrWat anomalies and provide a consistent bridge between the results of WP96 and the southern hemisphere as a whole. In WP96, twodimensional autospectra, in wavenumber-frequency space, of the unfiltered monthly anomalies of SST and SLP along 56øS and in sea ice extent along meridians showed that the filtering isolates the most important interannual variability occurring in are discrepancies in others, particularly in the western South Pacific, that indicate the signal propagation cannot be attributed to geostrophic advection alone but that mechanisms which couple the air-sea system must be important. This is a subject of ongoing work.
Extended Empirical Orthogonal Functions
An EEOF analysis of interannual SST anomalies was presented by WP96 for the latitude band 30ø-80øS. The first mode accounted for 51% of the total variance and clearly showed how the ACW propagates east with the circumpolar flow, while also indicating that the ACW communicates with the subtropical regions farther north. Here the analysis is extended to encompass the entire southern hemisphere ocean, 0ø-80øS, for SST, SLP, and PrWat (Plate 1). The lag sequences in Plate 1 span 4 years to capture roughly a half cycle of the twowavelength ACW. The lag sequences here are computed over a longer time interval (13 years) than that used by WP96 (10 years), so there are differences in detail, but the overall patterns are the same.
For brevity, we qualitatively associate the mathematical EEOF loadings or weightings with physical anomalies. The patterns so revealed by the EEOFs are simplifications of those described by the actual interannual anomalies and may be considered the canonical ways in which the anomalies propagated spatially through our time window. In the next section we show sequences of the actual filtered anomalies which allows for the tracking of individual features and for seeing that the patterns vary from cycle to cycle, much as ENSO patterns along the equatorial Pacific vary between cycles [Rasmusson, 1991] . In the following paragraphs we describe in some detail the evolution and propagation of cold anomalies; the descriptions also apply to warm anomalies with a phase shift of about 2 years. We then briefly describe the EEOFs for SLP and PrWat which suggest a strong coupling between the atmosphere and ocean. 
Low-Latitude Development of SST Anomalies
The warm phase of ENSO is characterized by anomalous upward motions of air over the equatorial Pacific, matched by anomalous divergence of wind in the upper troposphere. This anomalous divergence must be balanced by anomalous convergences and subsidence elsewhere in the upper troposphere, and this has often been thought to occur uniformly over the western and central Pacific. However, observational evidence now shows that this compensation tends to be localized [Sardeshmukh and Hoskins, 1988] and can be described in terms of a regional Hadley cell with anomalous meridional circulations [Rasmusson, 1991] ; these provide extraequatorial vorticity sources for the forcing of tropospheric planetary waves that communicate ENSO signals to higher latitudes. In the South Pacific the poleward limb of the seasonally dependent regional Hadley cell is centered over an area north of New Zealand [Rasmusson, 1991] .
Inspection of Plates 1 and 2 shows that SST anomalies appear in the WSSP after anomalies of opposite sign have become established in the Indonesian area and begin to move east. Anomalies in the WSSP grow rapidly as those of the opposite sign pass directly to the north along the equator. This sequence occurs during both phases of ENSO, and it produces net effects that persist through the strong seasonality of ENSO.
Atmospheric data from the ECMWF model, passed through our 3-7 year filter, reveal the regional Hadley cell and further implicate it as driving the interannual SST anomalies in the WSSP. In Figure 4a 5øN-5øS, 160øE-150øW , e.g., Trenberth and Hoar [1996] ). Here we use the same region, but for 160øE-160øW, and compute the covariance of divergence anomalies there The extent to which the ACW phenomenology described here is stable cannot be known from the relatively short data sets available. It is possible that the patterns we observe for the 1980s and early 1990s represent just one mode of interannual variability that could be modified or supplanted by other modes during other periods of time. Much longer observational data sets are required to address this. Nonetheless, the coupled system of interannual anomalies observed here does reveal potentially important climatic processes that warrant further study.
